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SOURCES OF REFRACTORY RAW MATERIALS AND REFRACTORIES 
MARKETS IN SOUTH CENTRAL UNITED STATES-/ 


by 


Howard E. Rollman2/ and Harvard Eng~/ 


SUMMARY AND CONCLUSION 


South Central United States, an area including Arkansas, Kansas, 
Louisiana, Mississippi, Missouri, Oklahoma, and Texas, is a net exporter of 
refractories, Nearly $45 million of these materials was shipped in 1954 from 
plants in the area, compared with area consumption of $18.5 million. About 
B8 percent of all refractories production is concentrated in Missouri, The 
prevalent consumption pattern, however, is one of localized shortages, For 
example, although Texas uses more than half of the refractories consumed in 
the South Central United States, production of refractories in Texas is rela- 
tively small. Also, the apparent self-sufficiency of the area is in terms of 
value produced rather than in terms of products consumed. Nearly all of the 
$6,425,000 nonclay refractories consumed in the area were shipped from other 
States. Local resources possibly could be developed for making refractories 
to serve markets that currently are being supplied from outside the area, 
Since other industries are growing rapidly in the area, the market for refrac- 
tories is expected to continue to grow--more rapidly than the national market. 


The Missouri refractories industry is economically important nationally. 
Yearly one-fourth of the clay refractories produced in the United States are 
nade in Missouri, Moreover, Missouri produces most of the higher grade clay 
refractories, about 62 percent of the high-alumina refractories, and 85 per- 
sent of the superduty refractories, The competitive position of the Missouri 
cefractories industry is strong. The national market for clay refractories 
and the market in the South Central United States are expected to continue 
to grow, The ratio of net income to the value of refractories shipped in 
“issouri is larger than the national average. 


Plastic, flint, burley, and diaspore clays occur in Missouri, The supply 
29£ plastic clays appears adequate for predicted needs. The need for diaspore 


L/ Work on manuscript completed December 1958. 

2/ Former Bureau of Mines commodity-industry economist, Region IV, 
Bartlesville, Okla. 

3/. Chemical engineer, Bureau of Mines, Region IV, Rolla, Mo., formerly 
Bartlesville, Okla. 


Google 


clay has been alleviated by using bauxite from British Guiana, In maintaining 
production of higher quality refractories the major factor is development of 
the potential flint-clay resources of Missouri. The supply of flint clays is 
diminishing, and the discovery rate is declining. Annual demand for refractory 
clays in Missouri by 1975 is estimated at 2.6 million tons. Demand for fire- 
clay refractories is expected to increase only half as fast as the total re- 
fractory demand. Demand for Missouri fire clays, however, is estimated to be 
growing at 2.4 percent per year, compared with a rate of 2.8 percent for all 
refractories, Missouri refractory clay is expected to reach 32 percent of the 
national total by 1975. The increased demand for high-grade refractories and 
for raising the quality of lower grade refractories will continue to drain 
already diminishing supplies of superduty clays, Refractory raw materials po- 
tentially available are unusable because of contained impurities; therefore, 
the long-term supply of high-grade clays will depend on research, 


INTRODUCTION 


This study is an economic evaluation of the supply and markets for re- 
fractory raw materials and refractories in the South Central United States, 
The study is a functional appraisal of resources<-an analysis of raw materials 
functioning in their economic environment, It is not a resource study in the 
usual sense of a catalog of raw materials physically available, Present and 
potential supplies of raw materials are discussed only so far as they may be 
related to present and potential market demands, 


The three primary objectives of the study are: 


1. To compile statistical data on markets for refractories and 
refractory materials, 


2. To provide essential economic information needed for government 
and business planning of the effective development and conserva- 
tion of refractory raw materials, 


3. To analyze the economic forces affecting the long-range resource 
position of the area, 


Essentially, the problem is to establish a supply-demand relationship, 
Present and projected needs of the South Central United States and the Nation 
are correlated with current and potential supplies of refractories and refrac- 
tory raw materials, The determination of need is an economic problem, Find- 
ing and developing refractory minerals is a task for the geologist, the mining 
engineer, the ceramic engineer, and the manufacturer, Their work helps to 
determine economic availability. 


This report describes how the refractories needs of the South Central 
United States are met and how refractories producers in the area meet 
requirements of consumers outside the area, 


Market statistics were compiled from three primary sources: (1) Major 
refractories producers who ship within or into the South Central United 
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States; (2) a sample of major consumers of refractories in the area; (3) an 
analysis of shipments of refractory materials based on Carload Waybill Sta- 
tistics of the Interstate Commerce Commission (ICC). 


Refractories manufacturers supplying figures on shipments into the area 
produced about 50 percent of the value of refractories made in the United 
States, This group, representing several of the largest manufacturers in the 
Industry, produced all major categories of domestically produced refractories, 


Additional market information was obtained from a group of consumers 
‘chosen on the basis of industry type and size of operation. These consumers 
‘furnished information on sources of supplies, purchasing practices, and 
changes in refractories usage. By selecting consumers in various parts of 
the geographical area studied, it was possible to confirm shipments of refrac- 
tory products from manufacturing centers outside the South Central United 
States, 


| There is a scarcity of data on the origination and destination of ship- 
ments of refractories, ICC compiles annual statistics of shipments of refrac- 
tories from States of origination to State of destination. These statistics 
‘are based upon a l-percent sample of carloads shipped. To compensate for 
quantitative and geographic errors that will appear in any given year, because 
of size of the sample, the statistics compiled from ICC data were based on 
available data for 8 years. The analysis of Carload Waybill Statistics were 
used both for quantitatively checking on shipments and for determining points 
of origination of shipments into the area. 


Freight rates were obtained from traffic managers of railroads that have 
lines servicing refractories manufacturing centers, Intrastate truck and rail 
rates on bulk clay were obtained from the State regulatory bodies, 


| Information on occurrences and distribution of refractory materials was 
obtained from State geologists, mining engineers and geologists of the refrac- 
tories companies in the area, and from a search of published and unpublished 
geologic literature. Other technical advice was obtained from production and 
research personnel of the refractories companies. Certain technological fac- 
tors that have economic significance also were considered. 

| Selection of 1954 for the sample survey year was unfortunate because, 
mationwise, it was a particularly low period for shipments of refractories. 
Consumption figures, therefore, for the Southwest are not necessarily a 
typical segment of total national consumption, and the period should be viewed 
critically as possibly one in which the normal supply-demand forces were not 
operating. 
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OCCURRENCE AND DISTRIBUTION OF REFRACTORY MATERIALS 


Refractory materials produced in this area include high~alumina clays, 


tabular alumina, novaculite, refractory dolomite, seawater magnesia, and all 
From these raw materials, silica refractories, dead- 


types of fire clays. 
burned dolomite, fire clay, and high-alumina refractories are manufactured in 
Magnesia is scheduled for use in manufacturing basic refractories 


the area, 
in 1959, 
Raw materials for refractories 


The area studied is shown in figure l. 
are produced in only four of the seven States shown. Missouri is by far the 
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FIGURE 1. - Outline of Eocene Sediments in South Central United States. 
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‘largest producer of raw materials and refractories in the South Central United 
States. Compared with Missouri, the other producing States--Texas, Arkansas, 
and Mississippi--are minor producers. 


Arkansas 


Refractory raw materials produced in Arkansas include novaculite, tabular 
alumina, kaolinitic clays, and fire clays (fig. 2). 


Novaculite, the raw material for the silica brick produced in the area, 
is quarried in Hot Spring County, Ark. The material also occurs in Garland, 
Montgomery, Pulaski, and Saline Counties, Outcrops occur as parallel ridges 
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FIGURE 2. - Refractory Resource Map of Arkansas. 
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from Montgomery County to Pulaski County. The novaculite is more than 99 
percent pure silica, and the product made from it is reported to be 
exceptionally high grade, 


Tabular alumina is produced in small quantities by the aluminum industry 
in Arkansas and is used to increase the alumina content of the very high 
alumina refractories (80-99 percent alumina). 


Two companies are utilizing clays of the Wilcox formation (Eocene) for 
firebrick at Malvern and Perla, Ark. Generally, sediments of sand, lignite, 
and clay lie in a discontinuous band following closely the perimeter of the 
Mississippi Embayment (18)4/, Exposures are found in 10 counties in the 
southwest and central parts of the State. The formation is reportedly 600 
to 650 feet thick. Clay lentils that occur in the formation range from a few 
inches to 30 feet in thickness and up to 40 acres in areal extent. These len- 
tils contain little lamination and are composed mainly of kaolinite and quartz 
with iron and alkalies as impurities. Other impurities are lignite and 
titania, but these do not impair refractory properties. 


Two areas containing bauxite-kaolinite deposits lie approximately 14 
miles apart in Saline and Pulaski Counties, These areas comprise the bauxite- 
kaolinite district of Arkansas and are closely associated with the bauxite 
deposits mined for aluminum production. The areas, probably formed as resid- 
ual deposits in early Wilcox time, are considered part of the Wilcox 
formation (7). 


Although the residual clays of the bauxite-kaolinite district are poten- 
tial sources of refractory materials, their refractory properties have re- 
ceived only cursory examination. Some of these kaolinitic clay beds may be 
of sufficient refractory quality, but they will require processing before 
utilization. 


Clays lie above and below the bauxite. Those clays lying over the 
bauxite were stripped with the overburden and wasted. Clays lying under the 
bauxite were covered during panel mining after the bauxite was mined. Re- 
cently, however, some of the clays above the bauxite have been mined and 
stockpiled. Sizable tonnages of kaolinitic clays have been calcined and 
shipped to Missouri as a substitute for flint clays in refractories, 


Kansas 


No commercial supplies of refractory raw materials are known in Kansas, 
A test of ball clays from the Dakota formation in central Kansas demonstrated 
that the clays could be upgraded to high-grade refractory material, but this 
beneficiation is not economic now. 


4/ Underlined numbers in parentheses refer to items in the bibliography at 
the end of this report. Pages cited refer to the item and not to this 
publication. 
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According to the Kansas State Geological Survey, a report is being pre- 
pared on a laboratory investigation of refractory clays and silts of the 
Dakota formation. It is reported that the present clay is satisfactory, 
without beneficiation, for the production of semisilica refractories, 


r 
» 


Louisiana 


No economic supplies of refractory raw materials are known to exist in 
Louisiana, 


Mississippi 


Fire clays are known to exist in northern Mississippi. Ball clays for 
use as refractory bond clays are mined and processed near Crenshaw, 


High-alumina clays, bauxite, and kaolinitic clays associated with the 
‘bauxite are unevaluated possible refractory raw materials found in the State, 


Some fire clays in Mississippi are suitable for manufacturing high-heat-duty 
firebrick. 


; In 1957 refractory ball clay was produced from deposits in Zilpha forma- 
tion (Claiborne) near Crenshaw, Panola County, and at a small mine near Sledge 
In Quitman County. Extensive deposits also exist in Tallahatchie County, but 
there is no commercial exploitation of refractory ball clays now. Large quan- 
tities of ball clays from Tallahatchie County were mined during World War I 
for use in glass pots and in metallurgical refractories. The ball clays of 
the Zilpha formation compare favorably with German bond clays, 


; Missouri 
Fire Clays 


7 Missouri contains probably the largest reserves of quality plastic and 
Semiplastic fire clay in the United States (30, p. 3). The Cheltenham forma- 
tion, from which the Missouri fire clays are derived, lies roughly in a tri- 
jangle with its corners near St. Louis, in northwestern Audrain County, and in 
southwestern Crawford County, This area has been divided into two districts-- 
the Northern Fire-Clay District, north of the Missouri River, and the Southern 


Fire-Clay District, south of the River. Figure 3 shows the location of pits 
and refractories plants operating in 1957. 


| The clays of the Cheltenham formation range in thickness from a few 
‘inches to 50 feet, The clays are thicker in the north, and the ceramic prop- 
erties change from north to south. Clays with higher alumina content occur 
‘in the south and grade toward the higher silica clays in the north, Flint 
clays, however, occur in both districts. Generally, the higher quality clays 
are found toward the bottoms of the rolls or horsebacks and in sinkholes. 
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SOURCE: GEOLOGIC MAP OF MISSOURI-1939 


Northern Fire-Clay District 


In the Northern District the Cheltenham formation lies in most of 
Audrain, northern Callaway, and northwestern Montgomery Counties. It contains 


refractory clays varying from semiplastic to flint. 


southern Fire-Clay District 


The Southern District covers all or parts of the following counties: 
Crawford, Gasconade, Maries, Osage, Phelps, and Franklin. Refractory clays 
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of the Southern District are mainly flint, burley, and diaspore. Individual 
deposits usually vary from semiflint through burley to diaspore. Deposits 
occur in isolated sinkholes ranging from a few feet to about 100 yards in 
diameter and from a few feet to 200 feet in depth. 


Other Refractory Materials 


Dead-burned dolomite is produced near Bonne Terre, Mo., and used as a 
refractory by the steel industry in open-hearth furnaces, The Bonneterre 
dolomite locally is highly pure and uniform in chemical composition. The for- 
mation is quite extensive and will provide adequate dolomite reserves for many 

| years, 


Kaolin and ball clays occur in southeastern Missouri. 
Oklahoma 


The extension of the novaculite formation from Arkansas into southeastern 
Oklahoma presents the best potential refractory material source in the State. 
The material, called "Ouachita Stone," is less dense than Arkansas novaculite 
and is of exceptional purity. Utilization will depend on results of testing 
and on growth of market for this material in the area. 


\ 
Texas 


Refractory materials in Texas include fire clays, kaolin, magnesite, 
magnesia, and novaculite., Figure 4 shows potential sources of refractory 
‘materials. 


Fire Clays 


The Wilcox group (Eocene) extends through Texas in a southwest-northeast- 
erly direction (fig. 4). The group generally is composed of nonmarine sedi- 
‘ments, although on the south flank of the Sabine uplift brackish water. 
sediments, which do not include as many highly refractory clays, are present, 
The Wilcox formation is a heterogeneous series of variable thicknesses 
composed of sand, lignite lenses, lignitic clays, and clays (40, p. 573). 


Ball clay occurs in the Troup District in Smith and Rockdale Counties. 
This clay, found in the upper 100 feet of the Rockdale member, ranges in 
thickness up to 12 feet. It has a uniform color--light-bluish gray when fresh 
and white when exposed to sunlight (58, p. 14). 


Near Athens, Henderson County, the upper Rockdale member of the Wilcox 
group contains fire clay associated with lignites. The clay bed ranges from 
2 to 12 feet in thickness and rests upon a bed of white, even-grained sand 

‘that is 5 or more feet thick, Lenticular clay beds extend over an area of 
approximately 2 square miles. 
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Clays are being produced in four areas at Troup and Tyler, Smith County; 
Athens, Henderson County; and Sulphur Springs, Hopkins County, in northeastern 
Texas; and Elgin, Bastrop County in central Texas. 


Refractory-clay deposits have been found and tested in other localities 
in the Wilcox group, These clays, however, have not been used to produce 
refractories. Exploration has been on a small scale. 


The Wilcox formation with its lenticular beds of clay probably has many 
deposits of high-grade clays in areas other than the northeastern and central 
areas of Texas. A systematic program for exploration may locate more of these 
lenticular deposits, 


Kaolin 


Two deposits of kaolin occur in Texas--one in Jeff Davis County, 16 miles 
north from Fort Davis on Valentine Road, and the other in Real County, 5 miles 
northwest of Leakey. 


The Jeff Davis County deposit contains high-quality kaolin (5, 50). 


| The Leakey kaolin deposit of Real County occurs in cavities resembling 
sinkholes. The north cave contains kaolin, whereas the southern cave contains 
sandy fire clay. The deposit contains an estimated 140,000 tons of kaolin and 
several hundred thousand tons of sandy fire clays. To date these clays have 
not been utilized for refractories because of excessive distance to estab- 
lished plants and markets. The area has been explored extensively, and the 
clay found to be of high quality. These clays may eventually be utilized for 
other ceramic pruposes, 


Sand-kaolin deposits occur in the Wilcox formation of northeastern cen- 
tral Texas (39). These siliceous kaolins might be beneficiated to refractory 
quality. 


Novaculite 


Novaculite occurs in the Caballos formation (Devonian) and crops out in 
‘ridges in the Marathon area of Brewster County. Exploration and testing may 
prove this novaculite to be of refractory quality (53, p. 374). 


Dolomite 


High magnesium dolomite is distributed widely in Texas, except in the 
coastal plain area and in the greater part of the High Plains of northwest 
Texas. Dolomite occurs in rocks ranging from pre-Cambrian to Cretaceous in 
age. Dolomite is mined from large deposits of the Ellenburger formation 
(Ordovician) in Burnet County. International Mineral and Chemical Corp., 
Austin, Tex., and Mathieson Alkali Works, Lake Charles, La., have used 
dolomite for the recovery of magnesia and magnesium compounds (53 . 368). 


534967 O -60 -3 
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FIRE-CLAY INDUSTRY 
Missouri 
Classification of Clays 


Fire clays in Missouri vary widely in chemical and physical properties. 
They range from a soft plastic clay to a very hard clay nearly without plas- 
ticity. They also vary in particle size, density, shrinkage, vitrification 
range, porosity, strength, and other characteristics. 


High-grade flint fire clays have an alumina content of about 40 percent 
and a pyrometric cone equivalent (P.C.E.) of 33 to 34, Missouri flint clays 
are characterized by lack of plasticity and by conchoidal fracture. They are 
smooth, fine-grained, and have suitable fired density and physical structure. 
The maximum fired shrinkage, moderately high and somewhat variable, can be 
achieved at a relatively low temperature. 


Burley clays are so-named because they contain burls with a high alumina 
content. They have about 55 percent alumina and an approximate P.C.E. of 34. 


Burley-flint fire clays are classified between burley and flint clays. 
They are difficult to use because of reheat shrinkage. 


The major commercial deposits of diaspore in the United States are in 
Missouri, First-quality diaspore clays have an alumina content of over 68 
percent and a P.C.E. of 36 or higher. Diaspore is coarse textured and high 
in alumina, 


Plastic clays are characterized by their moldability and capacity to 
bond nonplastic materials. 


Semiflint and semiplastic fire clays vary in refractoriness, plasticity, 
and bonding strength. Drying and firing shrinkages usually are fairly high. 
The clays are so-named because, although they are neither true flint nor 
plastic clays, they have the general characteristics of the type for which 
they are named, 


Reserves 


No effort was made to obtain reserve figures from each company and to 
relate these reserve figures to predicted demand, However, according to 
verbal statements obtained from Missouri refractories companies, Missouri 
reserves of fire clays suitable for manufacturing refractories of lower than 
superduty grade are sufficient for any anticipated national demand. Plastic 
and semiflint clays of the Northern Fire Clay District are extensive and 
appear adequate to meet high-heat duty requirements at anticipated levels of 
demand for 50 years. 


The supply of Missouri flint clay necessary for producing superduty re- 
fractories is increasingly difficult to maintain, The decrease in the supply 
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of superduty clays could limit the capacity of the area to satisfy the long- 
term demand, Because Missouri provides about 85 percent of the national- 
market demand, developing additional reserves, finding suitable substitutes, 
or upgrading low-grade clays by beneficiation are essential to assure long- 
term raw material supplies. The declining discovery rate and rising explora- 
tion costs emphasize the need for an intensified program of research and 
investigation, 


Substituting bauxite for diaspore has augmented the supply of raw mate- 
‘rials for high-alumina refractories manufacture, Although two-thirds of the 
national requirements of high-alumina refractories are still supplied by 
plants in Missouri, substitution of British Guiana bauxite may change this 
‘pattern. Because of the high cost of shipping bauxite from eastern ports to 
‘Missouri and the subsequent reshipment of high-alumina refractories to eastern 
‘markets, future production facilities for these refractories may be more 
‘widely dispersed geographically. 


Exploration 


The discovery and production of high-quality clays in Missouri are beconm- 
'ing increasingly more costly than would result from the rising labor-wage 
scale alone. The principal factors contributing to higher costs are a de- 
|'clining discovery rate and increasing ratio of overburden to recoverable clay. 
Deposits now are being explored for the second, third, and even fourth times. 
As outcrops became scarce, exploratory drilling costs increased, More costly 
modern drilling equipment is needed to locate deeper deposits, and scientific 
methods and trained personnel are required to find the clays. In addition, 
tthe demand for raw materials has grown markedly in recent years. Consequently, 
the major refractories companies now do most of the exploration for clay. 


Although there is more exploratory activity for clays than ever before, 
there are extended periods when discoveries lag. Some deposits explored in 
the past with auger and churn drills now are being prospected with core drills, 
;which provide better samples; and many deposits, previously rejected, are 
‘being acquired for present or future exploitation, 


Mining Practices 


Methods 


Most of the clay produced during the early years in the Northern Fire- 
,Clay District of Missouri was mined underground by room and single-entry 
,methods. Shaft mining continued until as late as 1948. Underground mining 
,was hazardous and costly because the roof often was unconsolidated glacial 
,drift and loess, Roof subsidence necessitated frequent retimbering in small 
,rooms. Often the clay was not mined completely because it was necessary to 
, leave the upper part of the clay bed for roof support. Sometimes undesirable 
,clay had to be mined with the plastic or flint clay and then sorted at the 
surface, Tunneling through the chert rolls to reach the clay was costly. 
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Development of large efficient earthmoving equipment and the rise in 
underground mining costs led to the nearly exclusive use of open-pit mining 2 
methods in Missouri by 1940. 


According to the chief mining engineers of two of the largest companies 
operating in the State, as much as 85 feet of overburden has been removed fron 
pits in the Mexico area of the Northern Fire-Clay District. For pits presently | 
in operation, 50 to 65 feet of overburden might be regarded as economic Limits, | 
An average ratio of overburden to clay is between 3.5:1 and 4.5:1 in newly- | 
opened pits. In a single pit clay thickness will vary from 3 to 40 feet and 
average 15 feet. 


In the plastic-flint clay area around Fulton, ratios of 1:1 to 2:1 are 
typical. Twenty feet of overburden is typical in the area. Near Wright City, 
the overburden ranges from a few feet to 20 feet. Overburden-to-clay ratios 
of less than 1:1 are common. These are sinkhole deposits, In the Southern 
Fire-Clay District, overburden-to-clay ratios usually are much less than 1:1; 
sometimes the overburden is less than 10 percent of the volume removed from 
the sinkhole, Ten to twelve feet of overburden is regarded as deep. 


Development drilling, at intervals of 25 feet with subsequent analysis of 
samples, enables engineers to mine selectively. Mining is done with large 
power shovels, and the clays are loaded into trucks. Selective mining has 
replaced hand sorting. Figures 5 and 6 illustrate the changes wrought by the 
use of large-scale equipment in open-pit clay mining. The contrast represents 
changes in mining practices in less than 30 years. Both mines illustrated 
were in the immediate vicinity of Mexico, Mo, 


In the Southern Fire-Clay District, where the clays occur in relatively 
small pockets rather than in seams, mining is on a smaller scale, and smaller- 
scale equipment is used. In pits where burley and diaspore clays occur, hand 
soring is required, Power-drawn scrapers are employed extensively to remove 
the overburden, After the face is drilled and blasted, either power shovels 
or dragline excavators are used to load the clay into trucks, 


Contractors 


A large part of the clay mined in Missouri is produced by contractors 
from leases held by the major refractory producers. Before World War II much 
of the clay used for refractories was obtained on the open market from inde- 
pendent sellers and producers of clays. The independent seller has nearly 
disappeared, primarily for two reasons, First, the refractories companies now 
require greater control over mining practices and selection of clays mined, 
This is particularly needed to control the quality of clays used to manufac- 
ture high-grade refractories. Second, in 1951 the tax depletion allowance on 
fire clay used for refractories was raised to 15 percent, To obtain this tax 
advantage, refractories companies must own the leases from which production is 
taken. Depletion allowance permits recovery of exploration costs, Management 
control problems of producing clays over a broad geographical area apparently 
are reduced under the contractor system, 
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Stockpiling 


In recent years there has been a trend toward stockpiling a larger pro- 
portion of the clays at the pits where mined, principally to reduce the amount 
of money in "freight" inventory if clays are shipped a considerable distance 
and stockpiled at the plant. Stockpiling at the pit, however, requires an 
additional loading expense, which averages 30 cents a ton. To permit proper 
blending of materials to control specifications of each type of refractory, 
producers store clays obtained from various pits in separate stockpiles inso- 
far as practicable, 


Mining Costs 


The total cost of clay delivered at the plant will vary considerably ac- 
cording to the circumstances at individual mines, Among the variables are 
depth of overburden, ratio of overburden to clay, weather conditions prevail- 
ing during productive periods, amount of road that must be maintained, and 
‘size of the deposit. In the Northern Fire-Clay District in the Mexico- 
Vandalia area, the clay occurs in extended seams rather than in sinkholes, 
This permits mich more economical mining. Once the overburden above the seam 
‘is removed and roads are built, the mine can be operated effectively with 
‘large-scale mining equipment, 


In the Southern Fire-Clay District, although the ratio of overburden to 
‘clay has been increasing, the overburden is still low enough to favor open-pit 
‘over underground mining. Im this district, however, the deposits are smaller 
and more scattered than in the Northern Fire Clay District. Because of rapid 
depletion, the operator is compelled to move his equipment frequently. 
‘Smaller pits, moreover, cannot be mined by large-scale methods. 


j 


In 1957 stripping costs in both the Northern and Southern Fire Clay 


‘Districts were between 20 and 30 cents per cubic yard, In the Southern Fire 
‘Clay District, drilling and blasting costs for clay were between 5 and 10 
cents per ton produced. For mining and loading plastic and flint clays, the 
cost ranged between 40 and 75 cents per ton. Hand sorting the burley and 
diaspore clays was estimated to range from $3 to $5 per ton, 


’ Royalties paid to property owners in Missouri vary according to the type 
‘and quality of clay produced, as well as to certain other economic considera- 
tions, In 1957 the general schedule of royalties being paid for various types 


*of clays was: 
t 


b TABLE 1. - Schedule of royalty payments in Missouri, 
) by type of clay 


4 
’ 


Royalty per 


Type of cla short ton 

i Plastic and semiflint (Mexico).....ccccccscces $0.10 

; Plastic and semiflint (New Florence).......... 225 
Flint (Southern Fire Clay District)........e.. 25 
BULLCY bien 6s SSeS eb ea ee saeacee ee 1.00 


DL AS DOL C ss sss5 oki eb te. wes aaa ean cw ela eee ee eS ae 2.50-3.00 
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Exploration costs are an important factor in the rising cost of produc- 
tion, According to verbal opinions of company geologists, mining engineers, 
and others engaged in clay mining, an overall exploration cost of 50 cents per 
ton may be considered reasonable, The cost of prospecting and testing samples 
is estimated to range from 50 cents a ton for plastic and semiflint clays to 
$1.50 for high-quality flint clays. Some operators have reported exploration 
costs (for a given year) as high as $1.50 per ton of clay proved, not includ- 
ing the testing costs. One operator reported that exploration costs of $1.25 
a ton of flint clays might well be conservative. Since deposits being mined 
are smaller and the ratio of overburden to clay is increasing, exploration and 
mining costs will continue to advance, This is particularly true for flint 
clays. 


Exploratory drilling costs range from $1.00 to $3.25 a foot. Many con- 
tracts, however, are made in the Southern Fire-Clay District at $1.00 a foot. 


Clay producers in Missouri pay 2 mills per ton as tax for examinations 
by the State mine inspectors, 


In the Southern Fire-Clay District where, in the past, exploration crews 
frequently uncovered deposits of high-quality flint clays of 50,000 tons and 
more, deposits now are being mined that yield only between 1,500 and 3,000 
tons. A 10,000-ton deposit of high-quality flint clays now is regarded as a 
large deposit. 


Table 2 is a summary of data on the Missouri and U.S. fire-clay industry 
for 1954, 


Productivity 


In a group of 142 open-pit mines operating in the period 1941-45, pro- 
ductivity was 1.09 tons per man-hour (table 3). This is double the productiv- 
ity figure of underground mines then operating, Consequently, the competitive 
disadvantage of underground mining resulted in closing all such mines in 
Missouri. 


In a group of 11 of the last underground mines operating in the State in 
the early 1940's, productivity for an output of 838,000 tons was 0.56 tons of 
clay per man-hour, These mines were in Audrain, Callaway, Montgomery, and St. 
Louis Counties. Underground mines operated as late as 1947 in Audrain County 
and as late as 1948 in Callaway County. 


An analysis of 164 mines operating in Missouri between 1951 and 1955 
showed an overall productivity figure of 2.77 short tons of clay per man-hour 
of mine-production workers (table 3). The sample includes mines operating in 
one or more of the years 1951 through 1955. Some mines were depleted in a 
single year; some operated for a longer period; and others operated throughout 
the whole period. The productivity figure was obtained from a cross section 
of mines with various operating conditions, Data for all operating mines 
were not available. 
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TABLE 2. - Comparative detailed statistics for the fire-clay industry 
in Missouri and the United States, 19541 2 


Item 
Number of operating COMPAN1ES... cr. ccccvevccncvccsecscesece 
Number of establishments,......cccccccvccccccscescecccccces 
NOMDEr OF MINCS §.630.055 0G seS beens dweieseseeeaccuseseenseus 
Number of preparation plants... ..ccccccccccncccccscvcccene 
Net shipments of primary products3/,.,,,thousand short tons 
Value of shipments, total.................thousand dollars 

Net primary products3/....... ccc ccc ccc eecc cece dO, 

Other products and ServiceS,.....cccccvecceosesedO, 

Value added in mining.......ccccccccccccccccceeeedO, 
Number of persons engaged, total.......c.crccccccccccccseces 

Production and development workerS......cccccccccccccces 

ALL OENEr :Cmployees ii iid ot kceeeeess Geese eeewawes 

Proprietors and firm membeTs,......ccrsccsscccsccccccccess 

Performing manual Labor sci se:oo:d:iéasee: oo eewiwesarere Soa wine ae 
Man-hours worked by production and development workers, 
COCA  vissie.do:5:055.6s:se'e oie wise iawn odeo.es' oe eee eeeese se nousand 
AG Mine@s;: tOtal 6:56.56 6.e. cies eo Nie eww ees ow ece eae dO 
Under eround £4 6c ke ASS CHER S 5 Welw cee 8s oe Se eae. 
OPON= PLE ose ieee died wreveeree eee 4oa, OOS Se wee eae GOs 
Surface (including mine shops and yards).........do. 

AC. preparation. plants )occ6cuaieeckitedeewcawe ewe ss oes 600% 
Man-hours spent on development and exploration work 

(included above iy ins joven oy em Gen tascesea vow n eae deus cdo. 
Tons of primary products per man-hours.....ccccccccccsccces 
Principal expenses designated below, 

COtaL obs caw See eet eaee sew ctewesew thousand dollars 

Wages of production and development workers,.,.do. 

Salaries of all other employees..........0002.d0, 

Minerals received for preparation. ........022.2d0,. 

Stipp ies2) 25s cere ewer e cress cadena aula Bites eek ..do, 

GE a: gis s6.oecw ware evararielei Geis Ose Ayes BS 4 Ne AIR G lees areees SUO's 

Purchased electric energy......c.cccccccccvesseedO, 

CONE LACE WODK n03 we taueeee kee wseaGedieee sees ses 
Purchased machinery installed........ccccscccceeedO, 
Capital expenditures, total.....ccccccscccceceeeedO, 

Development and exploration of mineral 

PLODG REY osc o-oo. iso ec wie wee we CONS eee eaedO. 

Preparation plant construction........ccce0eee.dO, 

Other CONnStruct Lon os oss Gaede sew saewssoe eee GOs 

New machinery and equipment......c.cccccvccesce dO, 

Used plant and equipment... .c.ccccccccceccceceedO, 
Horsepower rating of power equipment (prime movers and 

electric motors driven by purchased energy), total....... 
Per production worker... s.ccccorcsssncanssceseesescsces 
See footnotes at end of table, 

534967 O -60 =-4 
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45 

49 

49 

5 

705 
3,021 


125 
18 


21,163 
97 


United 
States 
180 


100, 500 


56 
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TABLE 2. - Comparative detailed statistics for the fire-clay industry 
in Missouri and the United States, 1954L.2/ (Con. 
Item Missouri States 
P | 


PLUME TOV EF So. o.hnc oo c0 bee O Re Ok OANA ROR EE WOME Oba 82,097 


Electric motors driven by purchased energy.....c.cccccese 18,403 
Horsepower rating of electric motors driven by energy 
generated at the establishment........ Veceerare reer ee ee 7s 
Energy used......secccecceeesee million kw.-hr. equivalent 300 
Coal... cece ccc ccc sccccccccceccceeseethousand short tons 3 
PUCH OL1G S6 orcead neces eee eeaneed eke es .thousand barrels 108 
Gas (natural and manufactured)............million cu.ft. - 31 
Electric energy purchased................million kw.-hr. 17 
Electric energy generated and used...........22..d0. = 
Water intake, including mine water used,...million gallons 157 
Per production worker,.......ssccccsccsssecees 2d, 0.09 


1/ 1954 Census of Mineral Industries; Clay, Ceramic, and Refractory Minerals; 
U.S. Dept. of Commerce, Bureau of the Census, Washington, D.C., pp. 14F-19. 

2/ Statistics on mining operations carried on as secondary activities at 
manufacturing or other nonmining establishments (such as clay pits at 
clay products plants) are not included in this table. According to 
Bureau of Mines data for 1954, Missouri fire-clay production was 
1,183,000 tons from 71 pits. Bureau of Mines data included clay sold 
or used at refractory or other clay-products plants, 

3/ Represents net shipments (gross shipments, less minerals received for 
preparation) of the product indicated by the name of the industry. The 
quantity figure for mines included in manufacturing establishments 
includes clay produced and used in the same establishment, 

4/ Revised. 

5/ Includes products purchased for resale without further processing. 


TABLE 3. - Fire-clay mine productivity of production workers 
in open pits in Missouri, 1941-45 and 1951-55 


| Waceeweesien. 2 ponnaee ,» thousand Product ctl ; 
Number of pits ort tons tons per man-hour 


Count 1941- = iook Be) 1941-45 1951-55 1941-45 1951-55 


Audrain..... ea 3.57 
Callaway...... 4.09 
Crawford...... 1.34 
Franklin...... 2.36 
Gasconade,..... 2.67 
Lincoln,...... 3.27 
Maries........ 1.85 
Monroe........ 3.46 
Montgomery.... 2.99 
Osage....cceces 1.79 
Phelps.......-. 1.39 
St. Louis..... 2.14 
Vernon. ...eeee = 

Warren...cecee 3.46 


Total.... ak ae Ske ae 5 510 a368 108 2.77 
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Transportation 


The movement of clays in Missouri for the production of refractories in 
1957 was estimated at 66 million ton-miles. The average distance from the pit 
to the plant ranged from 35 to 40 miles. At most plants materials were re- 
ceived by both truck and rail; at some plants all materials were received by 
rail, Clays received at Mexico, Vandalia, and Fulton from the Southern Fire- 
Clay District were received directly by truck or by truck to the nearest rail 
center for reshipment to the plant. Plants in the vicinity of Mexico received 
products from the Southern Fire-Clay District mostly by rail after a short 
shipment by truck to the nearest railhead. Many shipments were trucked from 
the mines to the nearest railhead on a line moving directly into Mexico, 
Farber, or the Vandalia area, An estimated 5 to 10 percent of Missouri clays 
was shipped to other producing areas as a blending material. 


Table 4, a resume of the tariffs filed by several contract miners and 
haulers with the Public Service Commission of Missouri, illustrates the high 
cost of truck transport. The rates shown in the table may not reflect accu- 
rately the actual costs of transporting clays from clay mines to refractories 
plants, The filing of these rates was in conformity with State regulations, 
The fees paid to contractors, based on a variety of operating conditions, in- 
clude both mining and transportation costs. Common-carrier rates for trans- 
porting clays generally are not established, 


The freight rate on calcined bauxite shipped from the east coast point 
of arrival to Missouri is $6 of a total price of $38 a ton at the plant. 


TABLE 4. - Rate schedule for hauling clay by truck in Missouri 195622! 


miles 2,000 1b. miles 2,000 lb. 
1 and under,........... : $1.60 
1.72 
1.84 
1.96 
2.08 


BD ocgshnanentateeterw eons eve tieles 


@eeeeoeeoeeeveseeoaeeeoeeeeee#ees DO 6 keh ks ese Sip baa orek 


@®eeooeseec@oaeneeweeoeeeoeoeeoeeeoeesee ees @ cS ey ee Te ay ae er ene 


@e@eeoee@egeeseeoeeeseeoeeeoeeneonestkee sé DO Aika Be farierto vite oso eS ee Bs 


i & W bd 


@eeseeoesceoeesoeoeeee e288 e860 @ @ 1s J a a a ee 


10 @eeeoeeone02e08 08280688868 © @ 
15 #@eeeoeeeeoeeoeeneoeseeoeeetes @ 
20 @eeeseoeetoseovoevoeeeoneoeeeoeee ee @ @ 


DD hoe ew oh aseaio oe eee ak 


Oa ee cease sigue wee eee ase 


(2 he aa ae ae ae re Pee eer 


VO ecb sored gts gO ane oie ie se ete 


156s Os 6 eee RS 


2.20 
2.32 
2.44 
2.56 


‘i error Ss eer er BOO es sienc ie eee Wai amieiee a 3.16 

i1/ Tariff No. 700, published May 31, 1956, by Motor Carriers Service, Tariff 
Bureau, Jefferson City, Mo. 

2/ Includes 3 percent transportation tax. 


To reduce hauling costs of clays, some carriers are changing from small 
dump trucks carrying 6 to 7 tons to tandem trucks carrying as much as 13 tons 
per load, 


The economic significance of freight rates on moving raw materials re- 
lates to both the cost of manufacture and the long-term resource outlook, 
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Plastic clays in the Southern Fire-Clay District usually are not exploited 
because freight rates make their use uneconomic, 


Production 


In 1957, 1.7 million tons of fire clays was produced from 148 mines in 
Missouri, Over nine<-tenths of this clay was used for the production of re- 
fractories. Seven of the eight refractories companies producing clays in 
Missouri used these clays for manufacturing refractories in the State, Twenty- 
nine contractors operated mines for these seven local companies, Eleven inde- 
pendent operators produced clays for sale to refractories companies; two re- 
fractories companies operated their mines with company personnel, During 
1945-57, production of fire clays increased 59 percent. In terms of constant 
dollars, Gross National Product increased 45 percent during the same period. 


TABLE 5, - Fire clay sold or used in Missouri, 1945-57 


1995 cs tivcsese ss wecvecesecees| 1,573,000 
V9AG is casewcanwa 1952. ..eececeeeee] 1,851,000 
N9GT <t:e-dsara, hardiorsiens 1953. ....cceeeeee| 1,496,000 
1948... .. ccc ceeee 1954.....0-0ee000]1, 184,000 
1949... ... ceca eee 1955.....ceeee00e]/1, 529,000 
1950.......02002.| 1,221,000 1956. .ccccceceees 


TABLE 6, - Fire clay mined in Missouri in 1957, by county 
Count Number of pits Thousand short tons 
18 


AUGTALN 6 565 ee dis sees 


Callaway... ..cccccccee 318 
CrawloOr qiciiesws eh ses sacs 5 
Franklin sésseo002ss00s 9 
Gasconade..........00. 460 
Marl CS 6 69so6.ds Ke eeeaen 69 
MONTOG sono 6aekasas 79 
Montgomery.........0.. 108 
O88R Geos co tineeawel een 66 
PHOL DS iu é%cc ace sie eeres 26 
WATlen 6 6.sb wesc 0s 6 Sa e-are 71 
Othersl/....... eee ee 37 


TOtalscvasieetees LOO 1,732 
1/ Productton was reported from one pit in each of Boone, 
Lincoln, and St. Louis Counties, 


Missouri is the third ranking fire-clay-producing State, following Ohio 
and Pennsylvania. Because most of the fire clays produced in Missouri are 
used for refractories, the State in 1956 was the leading producer of fire 
clays for this purpose. 
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TABLE 7. - Fire-clay production used for refractories 
in leading States, 1956 


Total Percent of total Total tonnage of 

fire-clay fire-clay production fire clay used 

State production | used for refractories for refractories 
Missouri.......eeeeee.| 1,766,000 1,663,000 
ON10 s4 bccdeweessaseeess| -d5 265,000 1,119,000 
Pennsylvania.......... | 2,443,000 59 1,447,000 


Other States 


Fire clays for pottery, heavy clay products, and refractories are pro- 
duced in Arkansas, Kansas, Mississippi, Oklahoma, and Texas. In 1957 over a 
million tons of fire clays was produced from the 33 open pits in this group 
of States, About 20 percent of this clay is used in the production of refrac- 
tories. The major part of refractory clay is mined in Arkansas, but the quan- 
tity of fire clay produced in Texas and Mississippi for manufacturing refrac- 
tories nearly equals Arkansas production. 


There are 18 pits in Texas, 8 in Arkansas, 5 in Kansas, and 1 in 
Mississippi. Production of fire clay from one very small pit in Oklahoma 
is negligible, 


TABLE 8. - Fire-clay production in other States in 


South Central United States, 1945-57 


Arkansas, Texas, 
short tons | short tons 


Kansas, 
short tons 


10052 oe ae ss 87,570 107, 166 (1/) 
1946......ccecceeee. | 178, 246 200,050 (1/) 
1947.....ccccceeeeee | 230,241 221,925 (1/) 
1948.......cceecee0. | 273,540 259,128 (1/) 
1949... ..c.cceeeeeee | 276,245 243, 373 (1/) 
1950......ccceceeees | 256,042 307, 026 (1/) 
1951.....cccceeeeees | 319,941 320, 238 (2/) 
1952,...c.cceeeee0e- | 386,111 358, 466 (1/) 
1953; ncocawaiekehees | Odle252 356, 211 (1/) 
1956 ccicaucccessesae | 9325329 347, 247 (1/) 
1955 sieciehaesuares iat (1/) 437,595 (1/) 
1956....cccceceeeees | 274,698 483,417 139, 130 
1957..cccecccoccsses | 390,451 453,974 


1/ Concealed, 


REFRACTORIES INDUSTRY 


The seven-state area covered in this report includes 22 refractories 
plants. Nineteen of these plants produce fire-clay or high-alumina refracto- 
ries, 2 produce high-quality silica refractories, and 1 produces dead-burned 
dolomite, Two plants are in Arkansas, 6 in Texas, and 13 in Missouri, Table 
9 Lists the manufacturers of refractories in the South Central United States, 
their location, and the types of refractories produced, 
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TABLE 9, - Refractories plants in South Central United States, 1958 


State and manufacturer 

Arkansas: 

Acme: Brick C6 64 oiksds%desa vases 

Malvern Brick & Tile Co.......... 
Mississippi: 

H; Ke. Porter Coc; INC ssewssee sees 
Missouri: 

General Refractories Co.......... 

A. P. Green Fire Brick Co........ 


Harbison-Walker Refractories Co,, 
Harbison-Walker Refractories Co.. 


Laclede Christy Division, 
H..K, Porter Coj5: “InCsy iced ccc« 
Mexico Refractories Co........cee 


North America Refractories Co.... 
Valley Dolomite Corp.........ccee 
Walsh Refractories Corp........e. 
Walsh Refractories Corp.......... 


Wellsville Fire Brick Co......... 
Western Stove Lining Works....... 


Texas ; 
American Clay Forming Co......... 


Elgin-Butler Brick Co........cece 
Elgin-Standard Brick Co.......... 
General Refractories Co.......... 
A. P. Green Fire Brick Co,....... 
Harbison-Walker Refractories Co.. 


Location of plant 


Perla 
Malvern 


Pascagoula 


Brentwood 
Mexico 


Fulton 
Vandalia 


St. Louis 
(2 plants). 
Mexico 


Farber 
Bonne Terre 
St. Louis 
Vandalia 


Wellsville 
Mexico 


Tyler 


Elgin 
do, 
Troup 


Sulphur Springs 


Athens 


Type of refracto 


Fire clay. 
Do. 


Basic. 


Fire clay. 

Fire clay and high 
alumina, 

Fire clay. 

Fire clay and high 
alumina, 

Fire clay, silica, and 
high alumina. 

Fire clay and high 
alumina. 

Do, 
Dead-burned dolomite, 
Fire clay. 

Fire clay and high 
alumina, 

Do. 

Fire clay, special 
shapes, and combus-~- 
tion-chamber linings. 


Fire clay and 
insulating brick. 
Fire clay. 
Do. 
Do, 
Do, 
Fire clay and silica 


In November 1958 H. K. Porter Co., Inc., completed a sea-water magnesia 


plant at Pascagoula, Miss., to produce periclase, 


A plant to produce basic 


refractory brick and shapes from this material was scheduled for production in 
February 1959, The refractories plant will produce basic brick with a range 
from 100 percent periclase to 100 percent chrome, specialties, cement, casta- 
bles, ramming mixes, burned and chemically bonded materials, and metal-clad 
and un-clad brick. The basic refractories produced at this plant will have a 
strong competitive advantage in the Birmingham steel market and other markets 


in the Southwest, 


Silica refractories are produced at Athens, Tex., and St. Louis, Mo. 
Both plants use novaculite from Arkansas as the principal raw material. The 
exceptional purity of this novaculite enables the manufacturers to produce a 
superduty silica brick, Superduty silica refractories must have less than 


0.3 percent alumina. 
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The silica products from these plants go primarily to the steel and glass 
industries of the area and contiguous areas, Development of silica refracto- 
ries plants in the West and in the Birmingham, Ala., area has restricted the 
market for Missouri and Texas silica refractories in the past few years. Thus, 
additional growth of the industry will depend largely on an expansion of the 
market for silica brick in the area. 


All fire-clay brick produced in Texas and Arkansas are made from Wilcox 
clays. Compared with plants in Missouri and other major producing areas, 
plants in Texas and Arkansas are small. Because Missouri is the major refrac- 
tories-supplying area in the South Central United States, the following dis- 
cussion is confined to refractories production in that State. 


Manufacturing Methods 


Consumers continually are demanding refractories for higher temperatures 
and longer service life. The high cost of installation and the lost produc- 
tion during periods of repair are among the important motivating forces for 
this demand. The refractories industry is responding to these needs with inm- 
provements in quality control of raw materials and finished refractories, 


Rising quality requirements have resulted in increased costs of raw mate- 
rials and in shortages of some of the higher quality clays, notably flint fire 
clays. 


Firebrick seldom is made of a single clay. Flint fire clays are used to 
impart high refractoriness; plastic clays for forming and bonding strength, 
Diaspore clays, because of their high alumina content, are used to give a 
higher degree of refractoriness than can be obtained with plastic and flint 
fire clays. 


Grades of firebrick, according to ASIM Designation C27-41, must. have the 
following minimum pyrometric cone equivalents: Low duty, 19; intermediate 
duty, 29; high duty, 31; and superduty, 33. In addition, high-temperature 
load tests and spalling tests are specified for all but low-duty firebrick, 


Plastic materials are made into several grades similar to the different 
grades of firebrick. Plastic firebrick are made of a mixture of fire clay, 
' brick grog, and plastic bonding clay. Plastics are installed by ramming 
' chunks of the material into place to form a monolithic structure, 


Castables are a blend of grog, calcined clay, cement, and clays. The 
choice of materials depends on service conditions, 


Firebrick and shapes are made by the handmolding, stiff-mud, or dry-press 
methods, Since the development of the dry-press method, very little handmold- 
ing has been done in the refractories industry of Missouri; however, for spe- 
cial orders, the companies still maintain facilities for handmolding. In the | 
/ stiff-mud process the clay is pugged, tempered, deaired, forced through a die 
' in the shape desired, and cut by a mechanical wire cutter, Stiff-mud brick 
are dense and compact. In the dry-press method clay with low moisture content 
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is fed into hydraulic presses and pressed into brick under high pressure. The 
dry-press method gives a suitable uniformity of size and also control over the 
strength and density of the brick. The brick has low spalling characteristics, 


Brick are fired either in periodic kilns or tunnel kilns. In tunnel 
kilns the brick are moved through the firing zone on rail cars, The tunnel 
kiln, used for the production of most standard shapes, lends itself to high 
levels of production, Special shapes and very large shapes usually are fired 
in periodic kilns. In Missouri, natural gas usually is used for firing the 
kilns, 


Raw-Material Requirements by Type of Product 


Intermediate-duty brick is made from plastic, semiplastic, and semiflint 
clays with some flint clay. Ladle brick also does not have much flint clay, 
but is composed largely of semiflint and plastic clays, High-heat-duty brick 
is 25 to 30 percent flint clay and the rest is plastic clays. Superduty brick 
ranges from 20 to 40 percent high-grade plastic clay and 60 to 80 percent 
flint clay. Some flint clays can be blended with larger quantities of plastic 
clays than others, High-alumina brick is a mixture of diaspore, burley, 
flint, and some bonding clays. Ninety-percent high-alumina brick has a little 
bonding clay and a fused alumina grain, 


High-heat duty and intermediate-duty brick are a mixture of approximately 
four parts raw clay and one part grog. Superduty brick is all raw clay. 
High-alumina (50-percent) brick is six to seven parts raw clay and three to 
four parts grog. High-alumina (60-percent) brick is comprised of about equal 
parts of raw clay and grog. High-alumina (70-percent) brick is about one- 
third raw clay and two-thirds grog. Stiff-mud brick is made mainly from raw 
clay. 


Plastic materials are 30 to 40 percent plastic clays and the rest grog, 
superduty, or special materials, 


Castables are a blend of grog, calcined clay, cement, and clays. 


Using another system of classification of raw materials, superduty brick 
is composed of two-thirds superduty clay (P.C.E. 33 or more) and one-third 
bond (plastic) clay (P.C.E. 32-1/2 to 33). About 4.5 tons of clay is used to 
manufacture 1,000 brick. 


High-alumina brick is 10 to 20 percent plastic bond clay (P.C.E. 32-1/2 
to 33) and 80 to 90 percent high-alumina clay of some type--burley, diaspore, 
or bauxite, Five tons of raw material is used per 1,000 brick. 


Substitution of Raw Material 
To a large extent, Missouri diaspore clays have been replaced by calcined 
bauxite imported from British Guiana, British Guiana calcined bauxite con- 


tains 88 to 90 percent alumina, compared with Arkansas bauxite, which is 73 to 
74 percent alumina, The Arkansas bauxite also has a higher percentage of 
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impurities, Bauxite is calcined before export to the United States, because 
30 percent of the total weight is lost in the kiln. 


In 1954, 14,840 long tons of calcined bauxite, equivalent to 23,000 long 
tons of dried bauxite, was consumed by the refractories plants of Missouri, 
A small quantity of domestic bauxite is included in this figure, 


Arkansas kaolinitic clays have replaced, to a certain extent, Missouri 
flint clays in superduty brick. One of the disadvantages of kaolinitic clays 
is that they must be calcined. Flint and kaolinitic clays have about the 
same P.C.E. 


Labor 


Although the wage per man-hour in the refractories industry of Missouri 
in 1954 was lower than in other major clay-refractories-producing States, the 
average annual wage of refractories production workers in Missouri was the 
highest of the States producing clay refractories (6 percent higher than the 
national average). The average annual wage for the refractories industry in 
Missouri increased from $1,141 in 1940 to $4,664 in 1956, a more than fourfold 
increase. 


TABLE 10. - Average annual and man<-hour wa es in Missouri and other 
major clay-refractory-producing States, 19541 2/ 


Average annual | Average annual Average wage 

wage, all wage per per man-hour for 

Region employees production worker | production worker 
MIiSSOUTL..... cece cece eee $1.81 
Pennsylvania...... cece. 1.99 
ONT O65 0s ea teeieneddancies 1.90 
K@NCUCKY ois ctiectienssan dee 2.08 
pI) Me so Cop 8 renee rea ee 2.07 
MATY 1 ang. os soneceeececus 1.95 
United States........... 1.89 


1/ U.S. Dept. of Commerce, Bureau of the Census, 1954 Census of Manufacturers, 
! Advance Report, Cement and Structural Clay Products, October 1956, p. 4. 
'2/ States ranked by order of magnitude of value added by manufacture of clay 
! refractories. 


Refractories workers in Missouri are represented by the United Brick and 
Clay Workers of America, which is affiliated with the American Federation of 
Labor. The refractories industry, as a whole, usually follows steel in its 
wage contracts, Agreements between union and company provide for uniform 
schedules of pay, seniority provisions, vacations with pay, insurance, death 
benefits, hospitalization, accident, and sickness benefits (51, pp, 72-74). 
Not all plants in Missouri are unionized. 
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TABLE 11, - Employment in the refractories industry in Missouri=/ 


Year employment annual wage annual wage 


F940 ioscan ueonna $3,986, 524 $1, 141 
Fee i ing na ated hee 7,805, 500 2,064 
POD 2 onc caus sears 12,934,172 3, 202 
hy) Se ee 16,428, 976 3,383 
DODO uene acmardieants , 18, 360, 168 3,534 
VOR aac iak Relea 18, 230, 584 3,765 
ROSA: oe et vactds ae 17,316, 340 3,970 
SSS sues nated 16,752,628 4, 204 


E996 ss 5600's ccceee 22,084,220 4,664 


1/ Division of Employment Security, Dept. of Labor and Industrial 
Relations, Wages and number of employees are based on first 
quarter average for each year, Compiled from microfilm records 
of reports by all refractories producers in the State, 


Production 


The proportional value of refractories produced in Missouri to value of 
refractories produced in the United States has increased steadily. The value 
of shipments of refractories increased from 10 percent of the national total 
in 1909 to 17 percent in 1929 (51, p. 24) and to 29 percent in 1954 (59, p. 
32B-7) because of the production of high-alumina and superduty refractories 
(high-quality and high-value products) as well as to larger tonnages of other 
refractories, 


The total value of clay refractories shipped from plants in the South 
Central United States in 1954 was $44.8 million. Eighty-eight percent of 
these refractories was produced in Missouri, The South Central United States 
produced the following portions of total National production in 1954: 


Percent 
Standard fire-clay brick eeeeaeeee1e9#ecdtcu8oee2seseeees34<«+eseeees¢este 22 
Superduty brick, @eeeeeoeeese2eeoeeeseseeeeeeespeseeeoeeeseoeeesnses8es@ e 85 


High-alumina RC od oo 2 eras cha eee oe Sow eo be OSes 62 
Plastic, castable, and ramming mixeS........cccces 37 


The estimated net income resulting from production and shipment of re- 
fractories (table 12) in the South Central United States compares favorably 
with returns to refractories plants in other areas, The general economic 
health of Missouri refractories plants and a probable growth in the Missouri 
natural-market area would seem to establish a strong competitive position for 
the State refractories industry. 


Fuels represent approximately 10 percent of the variable costs of manu- 
facture, The savings in fuel due to nearness to the gasfields of the South- 
west can be a contributing factor to maintaining the competitive position of 
the industry. 
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Refractories companies spent $1,121,000 on capital expenditures in 
Missouri in 1954, according to the 1954 Census of Manufactures. The value 
added by manufacturers in producing refractories was $25,765,000. This 
represents 29 percent of the value added by manufacturers in the Nation for 
production of clay refractories, 


TABLE 12, - Value of shipments, production costs, and net income 


of refractories plants in South Central United 
States and all other States, 1954 


South Central 
United States | Other States 


Value of shipments f£.0.b.2/ ..... ccc ccccceecsece | $44,751,000 | $91,618,000 
Total 1954 DAVEO GE 5 5.5 edcasecereseraiaceaaesavele-ora bee see 18,515,000 37,089,000 
Total materials, fuels, and servicesl/,..........| 15,161,000 | 32,455,000 

Depreciation, depletion, and amortization2/,..... 3,625,000 7,421,000 

State, local, and Federal taxes2/,............0. 3, 850,000 7,879,000 

NGG 1NCOMe ia ierie ido d os neko eae Cha eaen eens 6,774,000 

Percent return on value of shipments............. 8 0 7.3 

1/ 1954 Census of Manufacturers. 

2/ Estimated by senior author, based on percentage of gross sales from aver- 
age of major refractories companies. Financial data taken from group of 
companies with plants in various parts of the United States. Proportion 
of gross sales denoted by State, local, and Federal taxes considered 
representative. Share of depreciation, depletion, and amortization con- 
sistent in sample, Because of relatively standard productive equipment 


and procedures, these figures considered reliable for companies operating 
in Missouri, 


Consumption 


The South Central United States is a net exporter of refractories, 


Missouri refractories plants ship about 95 percent of their production out of 


the State, Because of a relatively small consumption of refractories in 
Arkansas, this State also is an exporter. Other States in the area are de- 
pendent essentially on imports of refractories from producing centers, Texas, 
for example, produces only a small part of its total refractories demand. 


Most high-alumina, superduty, and silica refractories consumed in the 
area are produced by refractories manufacturers in the South Central United 
States. A large part of the fire-clay refractories of high-heat duty and 
lower consumed in the area is produced in Missouri, Arkansas, and Texas. 
Those refractories of high-heat duty or lower entering the area do so largely 
because of proximity to other refractories-producing centers or because of 
favorable freight rates, 


Based on data compiled by the ICC, an estimated 23 percent of the refrac- 
tories tonnage consumed in the area was shipped in from Pennsylvania, Maryland, 
Illinois, Kentucky, and Alabama (table 13). All other States supplied less 
than 7 percent of the total tonnage. Although only 30 percent of the total 
tonnage consumed in the area is imported from outside the area, the value of 
area imports is 40 to 45 percent of total consumption, because most of these 
shipments were higher priced basic, silica, and specialty products, 
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TABLE 13. - Sources of supply of refractories consumed 
in South Central United Statesl 
Percent of total tonnage 
shipped to South Central 


Source United States2/ 
MESSOUTL 6.65% kak sie A SEO CRES 51.8 
pg: 6: ee aE OSA Oy eet OD See 1 e 


4.5 

PennsY1VSEN1SG 6c casaweed wanes 6.7 

MAPY LANG Sins y v4 ek ae Seka oda eo oe 

ELLIROLGS S25 kg ws FRESCO RSE 4.8 

ATKANGAS (iia oka ie aw he de H8bek wes 4.3 

KOMERORY chested Gea bear eeiG ve ees 5 

ALAR AMG ine 2 RKO See ORE 22 

AL); GEHWBES 6s cece’ Ved aetoKe aiid Se 6.9 

1/ ICC, Bureau of Transport Economics and Statistics, 
carload waybill statistics, 1948-55, State-to-State 
distribution of manufacturers and miscellaneous and 
forwarder traffic (C.L.), traffic and revenue. 

2/ The table does not represent percent of value of ship- 
ments, Basic, specialty refractories, and some 
silica are imported from outside the region. The 
value of these items is generally much higher per 
ton than fire-clay refractories--for example, 

Maryland and Pennsylvania basic refractory shipments, 


TABLE 14. - Estimated consumption of refractories in South Central 
United States in 1954, by type of product 


Products Value 
Clay refractories: 
Fire-clay brick and shapeS......cccccecccccecseces $4,500,000 


Superduty brick and shapeS........c.ccccccccccccces 1,250,000 
High-alumina brick and shapes.......cscccccccccece 750,000 
ROT i sya hae we Swe eRe LE EER BME CADRES OARS 3, 250,000 
MODE ET 6.6575 aOR 6S MRAM DERE SOO REE RNAS 750, 000 
Plastics: and. castables iois ck deidiscbeiwiasweesews ws 1,575,000 
Nonclay refractories: 
DESL 566.4 05-0:0.6- 40:56 beh AWA ED SEEGER EMORED TO CORES S 3,000,000 
~ Gl Ee 8: aaa ae Par ae Se ES SP ee ee aera Se eee Ore 1,350,000 
OUNCE 6554 48565 ioe Oe Ne Os as 65 bo E Sede BERNA SS 1, 250,000 
MOURA GS ieee raw AWA CO TARAS SASSER EROS RES 375,000 


Plastics and castables.....cccccccccccccccccccces 450,000 
112s OPO ee ee ee eee ee eS re ee eee EE re TA Me Ute a t 
1/ An estimated additional $2 million was produced by the horizon- 
tal-retort zinc industry at its plants for self use, 


It is estimated that Texas consumes slightly more than half the total 
quantity of refractories consumed in the area, followed by Missouri, 
Louisiana, Oklahoma, and Kansas, In 1954 (year of the sample survey) Arkansas 
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and Mississippi together consumed only slightly more than $1 million worth of 
refractories of all types. 


TABLE 15. - Estimated consumption of refractories in South 
Central United States in 1954, by States 


State Value 
PLANS AS 55. viseraisareie Gis Gy o's: bcatereiesaye case oiaia: oars neue erare = $570,000 
RANS 8 i o56e 6 eS ASM CHOOSER EER OR RS OS 1,000,000 
LOULES1 AN 6555560466 S.O Ss Wowie DS SoG eset oeeaeeae 1, 700, 000 
MILSSLSSLDDE 66s sind o Sco ober eRe w wie ewes 580,000 
BEES BOUT Da sce asd iar'5.iw, care Gg wa w ws ares ere Serb ew re ena SS 3, 300,000 
ON Leama aic ccd sai gcse wie laioie aia G% oi ee eiate Sb wee cee wee 1,100,000 
DOCKED ies cceva: 5 55iw oe, Shiu) Sere ase ate Osa bre ee aera awe sere cates 10, 250,000 


(hele: 6 eee ee ee ee eee eee ee ee ee ee ee ee 18 500 000 


About two-thirds of the total value of refractories consumed in the area 
is fire-clay, superduty, or high-alumina refractories, The remainder is essen- 
tially basic and silica refractories and miscellaneous specialty products 
mostly imported from other areas, 


Of the silica refractories consumed in the area, part is produced in St, 
Louis, Mo., and Athens, Tex., and part imported from other producing areas. 
The indicated market demand for silica refractories of $1,350,000 is compara- 
tively small. Shipments to the area are about 3.5 percent of total national 
shipments of silica brick and shapes for 1954. In the light of existing capac- 
ity in the area and presently low rates of consumption, expansion of silica 
refractories facilities in the South Central United States does not appear 
likely. 


The estimated market demand of $3 million for basic refractories in the 
South Central United States during 1954 would not encourage the construction 
of basic refractories plants for this market alone. The potential expansion 
of steel capacity and other industrial segments in the area will improve this 
situation considerably. Basic refractories development will be based partly 
on potential market expansions and sea-water magnesia. The plant at 
Pascagoula, Miss., will use magnesia from. sea water to produce basic refrac- 
tories, Proximity to the Alabama steel area will strengthn the market 
position of the plant. 


Although the demand for refractories in the area is predominantly from 
from the iron and steel industry, that industry group in this area uses con- 
siderably less of total consumption than the national average for iron and 
steel. Approximately equal quantities of refractories are consumed by the 
chemical and petroleum refining, cement and lime, and glass industries (table 
16). The distinguishing feature in the consumption pattern of the South 
Central United States is the relatively large share of refractories consumed 
under the category of Others, Included in this category are numerous small 
consumers such as lumber mills, paper mills, sugar refineries, cotton gins, 
sulfur-recovery plants, carbon-black plants, natural gasoline plants, and 


, miscellaneous industries using small-scale stills and heaters, 
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TABLE 16, - Estimated consumption of refractories in South Central 
United States in 1954, by industry group 


Percent of 


Industry group total value 
PEON. NG SCCCL sors e-s aca e se wise soo 6.6 Ais wi Owe WOE Oe Se ei eee ees 32 
Other metal lureical . i o6 css cee sew weceseeeeeeeseteeawes 5 
Chemical and petroleum refining........c.ccccccccccccvcr 12 
Cement: and. Dime rcs 6h aie d.d.ccauih ad reo ewe ee Mel eewe cue 10 
ClA6 8 ih cue peek obec eee es awa aah Ae Was ae ieee 10 
Structural: clay products ¢ o.0.0i5.<css cee sdeee oe cee taeceus 7 


OE CLG osc averd eid tase Saks es Wise SCAU we eS ee Bee es 24 


According to the Business and Defense Services Administration, U.S. 
Department of Commerce, national consumption of all refractories was as 
follows:5/ 


Percent 
Iron and SCCC4 oii BSS ho 5.o orb SO OS BS 65 SSeS 65 
Other metallurgical industries.......c.ccccccccces 10 


Chemical and refining, including oil refineries, 
carbon-black plants, and chemical industries.... 15 

Remaining industries, including cement, glass, 
structural clay products, etc... .cccccccccccces 10 


The pattern in the area is one without the overwhelmingly important re- 
fractories-consumer classes that exist in the heavily industrialized East, 


Trends 


The use of refractories in large boilers in the electric-utility industry 
has not been appreciable for the past 15 years. Although electric-power con- 
sumption in the area has expanded greatly, development of the tangent-tube 
boiler has shielded refractories to the extent that replacement is infrequent. 
The utility industry, formerly a relatively large consumer of refractories, 
now uses only an estimated 2 percent of the total consumption of refractories 
in the area, 


The chemical industry still uses a considerable quantity of various types 
of refractories in its boilers because the size of the operation does not 
justify the installation of more expensive tangent-tube units, Because of the 
expansion of petrochemical and other chemical industries in the area, particu- 
larly in the gulf coast area of Texas and Louisiana, consumption of refracto- 
ries by the chemical industry will continue to grow. 


5/ Neblett, H. W. (Chief, Facilities, Raw Materials and Refractories Branch), 
Estimate in a letter dated February 23, 1956: Iron and Steel Division, 
Business and Defense Services Administration, U.S. Department of 
Commerce, 
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About 60 percent of the total consumption by the petroleum-refining 
industry is plastic and castables; the remainder is largely firebrick, mortar, 
and cement, With the large expansion of the catalytic-cracking process, tem-~ 
perature requirements have been lowered considerably; consequently, refracto- 
ries requirement have lessened to some extent. In straight-run distilling 
units, the industry uses high-heat-duty and superduty brick, 


Foundries are shifting from the use of refractory shapes to monolithic 
linings. 


The rise in production and consumption of specialty products--plastics, 
castables, and ramming mixes--has been notable, There has been a continuous 
growth in demand for these products, and it is anticipated that this growth 
will continue. The largest users of castables are the steel, petroleum, and 
nonferrous industries, 


Railroad conversion from steam to diesel engines has curtailed the con- 
sumption of refractories by this industry. The steam boilers used consider- 
able quantities of standard fire-clay refractories. The loss of this market 
is felt particularly by the smaller refractories plants servicing the needs 
at local rail-repair terminals. 


Some cement plants, particularly in the gulf coast area, have shifted to 
the use of basic refractories in their rotary kilns. Current users of this 
type of refractory have expressed satisfaction despite the much higher 
initial cost. 


Requirements for high-quality fire-clay refractories have become greater 
in spite of their higher price, and consumers predict that the trend toward 
replacing lower quality refractories with higher quality material will con- 
timue because extended service can be obtained, The rising cost of installing 
refractories is a large factor in this decision. 


The large share of refractories going to miscellaneous small consumers is 
economically significant. It is not feasible to locate a refractories plant 
on the basis of so diversified and widespread a market, This factor may act 
to strengthen the Long-term position of local plants supplying the area with 
fire-clay, superduty, and high-alumina refractories, 


Growth of Market 


Between 1940 and 1954 the estimated rate of increase in consumption of re- 
fractories in the South Central United States was a little more than the na- 
tional increase of 200 percent. The increased consumption was due to indus- 
trial expansion in many sections of the economy. During this period, cement 
production in the area increased 171 percent to a total of over 50 million 
barrels, while the national output increased only L1l percent. There are now 
30 cement plants in the area, Lime production increased 175 percent to nearly 
2 million tons, while national production was only 77 percent greater. There 
are now 20 lime plants in the area, Crude-oil refining capacity increased 
about 85 percent and cracked-gasoline capacity 124 percent, following the 
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national pattern. Natural gasoline production capacity in the area grew 303 
percent as compared with national growth of 244 percent. Carbon-black produc- 
tion in 1954 was more than twice that of 1940. 


Comparable figures for the years 1940 through 1954 were not available for 
chemicals and structural clay products, Between 1947 and 1954, however, the 
production of building brick in the South Central United States increased from 
648 to 980 million, an increase of 51 percent. This compares with a 23-per- 
cent increase for the United States. From 1947 to 1954, the value of chemi- 
cals and chemical-products output in the South Central United States increased 
131 percent to nearly $1.5 billion as compared with a 7l-percent increase for 
the United States. The chemical industry of the gulf coast of Louisiana and 
Texas is one of the most rapidly growing segments of the area's economy. 


Although consumption of refractories in the area is approximately 8 per- 
cent of the national total, it is anticipated from the present rate of growth 
that consumption in the area will exceed 10 percent of the national total in 
a few years, 


It is expected that steel-production capacity in the area will be in- 
creased to meet the growing regional-market demand for steel, The rate of the 
growth of steel consumption should exceed that of the Nation. In particular, 
steel requirements for oil-well drilling pipe, oil and gas pipelines, and a 
vastly expanded fabricating industry will continue to grow. Because steel is 
the major consumer of refractories, as new production facilities are built, 
refractories consumption will rise. 


Whether steel required to meet this demand will be manufactured in the 
South Central United States is contingent on further development of the area's 
iron ore and coal resources or on evolution of an industry based on imported 
iron ores reduced with Oklahoma, Alabama, or imported coals. In the spring of 
1954 the Armco Steel Co. announced a plan to build a million-ton yearly capac- 
ity steel plant and a seamless pipe mill in the Southwest, probably at 
Houston, Tex. Although the plant may not be constructed for several years, it 
is possible that this plant, or another, will be built in the Southwest within 
5 to 10 years, 


The steel-production capacity now is centered at Houston and Daingerfield, 
Tex., and at Kansas City, Mo. A small open-hearth plant is at Sand Springs, 
Okla. There are also some small to medium-size electric-furnace operations in 
the area, 


The number of foundries in the area is small, compared with that of the 
United States, For instance, there are 231 gray-iron foundries and 268 non- 
ferrous foundries, which represent 5 to 6 percent of the national total. 
However, this number is expected to increase abruptly within the next decade, 
as numerous small local industries evolve to meet consumer demands for local 
products, 


Other sections of the metallurgical industry are expected to grow in 
importance to the economy, 
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During and since World War II, the aluminum industry of the South Central 
United States expanded rapidly. Alumina capacity built or under construction 
is 81 percent that of the Nation; 31 percent of the aluminum-metal production 
capacity is in the area, The industry uses mainly fire-clay refractories. 


About 88 percent of the horizontal-retort zinc-smelting capacity of the 
Nation is at Fort Smith, Ark., Bartlesville, Blackwell, and Henryetta, Okla., 
and Amarillo and Dumas, Tex, 


Other metal producers in Texas are the antimony smelter at Laredo, the 
tin-tungsten smelter at Texas City, the lead and copper smelters and electro- 
lytic and fire refineries at El Paso, the magnesium plants at Freeport and 
Velasco, and a small manganese-ore reduction plant at Houston, A lead smelter 
and refinery is at Herculaneum, Mo, There also are several small secondary 
smelters in the area, These plants use a relatively small part of all refrac- 
tories consumed in the area, but periodic major furnace overhauls require 
substantial quantities of refractories, 


There were 5 centers of metal-working employment in the South Central 
United States that employed over 20,000 persons: (a) Vicinity of Wichita, 
Kans,, in the aircraft and oilfield-equipment industries, and iron, steel, and 
nonferrous foundries; (b) the metropolitan Kansas City area, in a large steel 
mill, oilfield-equipment plants, secondary smelters, and foundries; (c) 
Houston, Tex., in aircraft, iron and steel, truck assembly, ship and boat 
building, secondary metal products, and oilfield-equipment industries, and 
iron and steel foundries; and (d) Dallas and (e) Fort Worth, Tex., in air- 
craft, automotive, oilfield-equipment industries, and iron and steel foundries, 
Between 5,000 and 20,000 people are employed in metal working in each of the 
following cities: New Orleans, La. St. Louis, Mo., Oklahoma City and Tulsa, 
Okla., and Port Arthur, Corpus Christi, and Beaumont, Tex, In addition, there 
are 33 other concentrations of metal-working plants employing between 1,000 
and 5,000 employees (54). 


There are 26 glass plants in the South Central United States. A window- 
glass plant and a pressed- and blown-glassware plant are in Fort Smith, Ark. 
Two fiberglass plants are at Kansas City, Kans. At Shreveport, La., there is 
a window-glass plant. Bottle- and hollow-glass-ware plants are at Gulfport 
and Jackson, Miss. In Missouri, there are a polished plate-glass plant at 
Crystal City, a foam-glass insulation plant at Sedalia, and a glass plant at 
St. Louis. There are 12 glass plants in Oklahoma--3 in Okmulgee, 2 in 
Muskogee, and 2 in Sapulpa; and 1 plant each in Ada, Cedars, Henryetta, Sand 
Springs, and Tulsa, In Texas, glass plants are at Brownwood, Grandview, 
Palestine, and Waco (33). 


Distribution of Refractories Produced 
Refractories produced in Arkansas and Texas are consumed almost entirely 


in the South Central area, Missouri refractories, on the other hand, are con- 
sumed in almost every State in the Nation and in many foreign countries. 
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Missouri refractories are firmly established in foreign markets, particu- 
larly in Latin America. Mexico at one time was a large consumer of refracto- 
ries from plants in both Missouri and Texas, With the imposition of a Mexican 
tariff in the 1950's, domestic plants lost most of the market in Mexico. The 
loss was more serious to the Texas industry because of the large shipments it 
had been making. Several refractories companies have begun working with 
Mexican industrialists to establish additional manufacturing facilities in 
Mexico, 


The shipment of Missouri refractories to Louisiana (fig. 7) exceeds con- 
sumption in Louisiana because exports are included, Much of the 4.5 percent 
total Missouri refractories (estimated value, $2 million) shown as shipped to 
Louisiana is for export from the Port of New Orleans. According to the rec- 
ords of the New Orleans Cue ome terse? $1,207,220 worth of refractories was 
exported through that port in 1954.6 


Figure 7, showing distribution of Missouri refractories, is based on a 
sample of shipments compiled by ICC. Percentages were based on the pattern 
of shipments over the entire period 1948-55, Thus, the degree of reliability 
was increased in terms of destination of shipments and percentage terminating 
in each State, Percentages were determined by totaling tonnage of shipments 
to each State for the 8 years and then computing the percent of total tonnage 
shown in the sample, Because the ICC sample is small, the tabulation did not 
always show shipments to individual States for single years. Quantitative and 
geographical errors were compensated by using the entire series of years, 


Marketing Procedures 


According to the Census of Business for 1939 (the latest available 
figures), the distribution of clay refractories was approximately 30 percent 
through manufacturer outlets, 64 percent directly to industrial users, and 6 
percent through wholesale jobbers, retailers, and small direct exports. 
Statistics are not available on the distribution and marketing procedures 


employed by Missouri refractories producers, but it is estimated that local 
_ dealers are used to a far greater extent than most other refractories manufac- 
' turers. The wide diversity of the market area is responsible for this type of 


marketing operation, Some companies that attempted to develop their own out- 
lets have returned to a dealer-sales-manager-type operation, Others still are 
trying to establish the company-outlet arrangement. Sales directly by the 
manufacturer permit handling of split stocks, but the expense of such an or- 
ganization may be uneconomical. Some companies indicated a preference for 
letting dealers handle their products on commission and maintain the expense 
of an inventory, Certain products are handled entirely by the companies, 


Other Market Factors 
Location Analysis of Missouri Refractories Plants 


Missouri refractories plants are oriented to raw materials rather than 
to markets, Since deposits of fire clays suitable for the production of 


6/ Compiled from records in New Orleans Customs District Office, New Orleans, 


La. 
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refractories are more limited than deposits of common clays, all refractories 
plants are, to some extent, oriented to raw materials, In addition to 
Missouri, Ohio and Pennsylvania are leading refractories-producing areas. 
Other plants are in Kentucky, Illinois, New Jersey, Maryland, and California, 
Although Missouri refractories plants are a considerable distance from the 
heavy industry in the East, several compensating economic forces enable the 
area to maintain its important position in the industry. 


The area has sizable supplies of high-quality refractory clays, These 
clays lie under relatively shallow overburden, permitting the more economical 
open-pit mining. In Ohio 31 percent of fire clays is mined underground; in 
Pennsylvania, 44 percent. Economic supplies of flint fire clay, burley clay, 
and diaspore in Missouri for the production of superduty and high-alumina re- 
fractories have enabled the industry in the State to produce a major part of 
these refractories. These higher quality and higher priced refractories can 
be shipped greater distances than less-expensive refractories because freight 
charges constitute a smaller proportion of the total cost. 


Its central Location gives Missouri a competitive advantage over eastern 
manufacturers to the market areas of the Midwest, Southwest, and West. With 
additional development of the midwestern and western industries and the rapid 
rate of industrialization in the Southwest, Missouri refractories will 
strengthen their market position relative to other refractories-producing 
areas, 


Refractories plants are becoming increasingly complex, requiring special- 
ized equipment and increased scientific knowledge and technology, best carried 
out by large-scale operations. Furthermore, the quality raw materials availa- 
ble in Missouri permit a diversity of products suitable for an extended market 
area. The predominance of Missouri in production of superduty and high- 
alumina refractories, and plastics, ramming mixes, castables, and other 
specialty products demonstrates the capacity of large-scale operations and 
diversity of products to extend the market area. 


In many areas raw materials are available to produce refractories suita- 
ble for the needs of local industries, consequently many refractories plants 
are built near local markets, Most refractories companies operating in 
Missouri have either widespread operations throughout the Nation or are 
Missouri industries that have extended their market area by acquiring plants 
servicing local markets in other market areas, Thus, the Missouri refracto- 
ries industry is a compromise of raw-materials location and economies of scale 
on one hand and of freight advantages for locating subsidiaries near the 
market on the other. Other locational advantages are the proximity of the 
area to the abundant supply of natural gas in the Southwest and the available 
supply of local labor, The man-hour wage of $1.81 in 1954 for labor in 
Missouri refractories plants was the lowest of the major producing areas in 
the Nation, The average annual wage per production worker, however, was the 
highest, 
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Freight Rates 


Data in tables 18, 19, 20, and 21 were compiled by the railroad operating 
at the point of origin. As shown in table 18, the Missouri refractories in- 
dustry enjoys a favorable freight-rate advantage throughout most of the South 
Central United States as compared with other refractories-producing areas, 
For shipments to Birmingham, Minneapolis, and Milwaukee, Missouri refractories 
producers have either a freight advantage over most areas or competitive 
rates. However, shipments to eastern points have a disadvantage in freight 
rates, 


TABLE 18. - Comparison of freight rates for firebrick 


(Rate per net ton) 


Origin 


Oak Hill, | Clearfield, saa ‘Hi, 
Destination ae Pa. 313 
$12.37 


Birmingham, Ala....... sS "80 


Little Rock, Ark...... 11.40 
Chicago, Ill.......... 7.56 
Wichita, Kan.......... 14.84 
New Orleans, La....... 10 .60 
Detroit, Mich......... 6 .40 
Minneapolis, Minn.... 11.91 
Jackson, Miss......... 10 .60 
Kansas City, Mo....... 12.73 
St. Louis, Mo......... 8.23 
Buffalo, N. Y......... 7.44 
Cleveland, Ohio..... 6 .03 
Tulsa, Okla........... 13.20 
Pittsburgh, Pa........ 6.40 
Dallas, Tex... ..ceeeess 13.20 
Houston, Tex.......e0- 13 .60 
Milwaukee, Wis........ 8 .09 


Table 19 indicates that shipments of basic brick from Baltimore, Md., to 
Houston, Tex., and Kansas City, Mo., have a competitive advantage over these 
from Plymouth Meeting, Pa., and Moss Landing, Calif. 


TABLE 19. - Comparison of freight rates for basic brick 
(Rate per net ton) 


Origin _ 


eu 
Destination Pa. Md. Calif 
Houston,, TEX; 90 s00%0:00.0sei0-0e02s 20.12 
Kansas City, Mo........scscseess 14.72 13.60 20.12 
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Silica brick produced in Athens, Tex., has a competitive advantage in 
freight rates over other silica refractories-producing areas, except to St. 
iLouis (table 20). For shipments to the Houston area, for example, the rates 
are about one-fourth the rates from Portsmouth, Ohio, and Mount Union, Pa, 


TABLE 20. - Comparison of freight rates for silica brick 
: (Rate per net ton) 
Origin 


Destination Ohio Pa. Tex. 


New Orleans, | IF; a gerne era are eee 


Jackson, MisS.......ccccccceccs 8.60 
Kansas City, Mo.......ccccccces 8.20 
Mts OULSs MO ois d6.e ssed'seaive ce 10.40 
Okmulgee, Okla... ... cece ccc cece 6.80 
‘Houston, Tex..........-sssse00- 3.60 


TABLE 21. - Freight rates for firebrick 
shipments from Athens, Tex, 


Destination Rate per ton 
Birmingham, Ala.....cccccccccccces $10.60 
Little Rocks. ArK 3:64 s.0 60cdswae<cews 6.80 
New Orleans, La... ..ccccccscccccces 8.00 
Jackson, MisS....cecccccccccssccces 8.60 
TULS@,: OK1O 6 6 oes ihc eawee awe ees 7.20 
Dallas. TEX 5.06 iiss 6 edbivarow oe ow wea 2.20 
HOUS COM) TOK 616 555s bios Ye ge ees oes 3.60 


Superduty and other grades of firebrick are shipped at the same rates; 
.for superduty brick freight is therefore a smaller percentage of the total 
‘cost. For example, for a shipment of high-heat-duty refractories to Birming- 
;ham, the freight charge represents about 8 percent of the f.0.b. cost, The 
‘shipping charge on an equivalent weight of superduty brick, however, is only 
4 percent of the total value, This accounts partly for a greater market range 
for higher quality refractories. 


Prices 


The prices of Missouri first-quality refractories are essentially the 
same as prices in other producing areas, The multiple-basing-point price sys- 
tem existing in the midforties was removed in 1948 by order of the Federal 

Trade Commission, Currently, an f.0.b.-producing-point basis is employed by 
Missouri refractories companies. 


As shown in figure 8, the price index of fire-clay brick has been rising 
continually. This is a reflection of the greater cost incurred with higher 
requirements as well as a general price increase, A comparison of changes in 
the price indexes of other similar construction materials is shown also in 
figure 8, 
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FIGURE 8. - Index of Structural Mineral Product Wholesale Price//and of Quantities 
of Firebrick Shipped2/, 1947-57. 

l/ U. S. Department of Labor, Bureau of Labor Statistics, Division of 
Prices and Cost of Living. 

2/ U. S. Department of Commerce, Bureau of Census, Industry Division. 


Although the increase for clay refractories has risen substantially, the 
increase is not as great as that for nonclay refractories (table 22). 


TABLE 22. - Index of average values for clay and noncla vefeastortes” 
(1947-49 = 100) 


Clay Nonclay Clay 
refractories | refractories ao | refractories 
index index Year index 

84 90 145 


Nonclay 
refractories 


Year index 
LG47 5 ovine: 195360808 % 157 
1948...... 1054s is dae 163 
1949...... be to ae eee 169 
LOO og dee & 1956 asd 190 
th bs 4 Rarer LOST a wen ae 209 
D2 saecbies 


1/ Index compiled by author. Clay refractory values based on average values 
of firebrick, superduty brick, high-alumina brick, ladle brick, and in- 
sulating brick, Nonclay values were established from magnesite, chrome, 
and silica refractory values. 
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ESTIMATED FUTURE REQUIREMENTS 


It is estimated that since 1930 refractory production has been increasing 
at a rate of 2.8 percent per year. This rate of increase is only slightly 
less than the growth of gross national product. In the projections shown in 
figure 9 the output of clay refractories was calculated to be increasing at a 
rate of 1.5 percent per year, Silica refractory production was extrapolated 
at a rate of 3.0 percent per year, Basic refractories production increased at 
a rate of 9.8 percent per year since 1930; however, for the purpose of projec- 
tion, the 6,0-percent increase prevalent since 1947 was used, In the 18 years 
between 1957 and 1975 refractory production will increase 64 percent, Silica 
refractories will increase an estimated 70 percent, fireclay refractories, 31 
percent, and basic refractories, 185 percent. 


The competition between clay and nonclay refractories is not entirely 
direct. There are uses for which each is particularly suited, For some uses, 
basic brick have replaced clay refractories, There has been a growing use in 
the production of nonclay refractories, so at the present: time the value of 
nonclay refractories exceeds that of clay refractories (table 23), 


The price spread between basic and clay refractories may reverse the 
trends in substitution in competitive uses and require revisions in the esti- 
mated future requirements of each. The lower rate of growth of clay refracto- 
ries is attributed to longer refractory life because of greater quality of the 
product, as well as to substitution. 


TABLE 23. - Value of shipments of clay and nonclay refractories 
in the United States, 1946- 572/ 


(million. dollars) 
Clay refractories | Noncla refractortes 


Total 


VON cs ateneee. 225.1 
7 sa ee ee 204.2 
TONS incre eciatieisiaceves 213.8 
1949... cece eeeee 184.1 
1950 sxe siencacrada 238.7 
5) a ee ae 326.9 
NOS 2s eet cs acess 300.3 
POS ecanneanead 324.4 
1954 orci oaaecesintias 2/256.7 
1955 a cawareuatoais 368.5 
1956 vscditeaceenss 418.7 
i ey nee ee ree 461.4 


1/ U.S. Bureau of the Census, Facts for Industry--Refractories, 
1946-57, 

2/ Does not include shipments of ground crude fire clay, high- 
alumina clay, or silica fire clay. 
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It is estimated that by 1975, 8.1 million tons of fire clay will be re- 
quired annually by refractories plants in the United States. Missouri is 
expected to increase its share of the total supply to 32 percent of refractory 
clay produced (fig. 10). 


Clays vary so much in chemical and physical characteristics, even within 
the class, that estimating requirements by type of clay is difficult. Approxi- 
mately 57 percent of all clays used in Missouri for manufacturing refractories 
are plastic or semiflint clays. Flint clays represent another 30 percent, and 
burley, burley-flint, and diaspore comprise an additional 10 percent, The re- 
maining 3 percent is bauxite, 


Further development in the Southwest and other States where Missouri has 
a competitive freight advantage will potentially increase these requirements 
for Missouri clays, Because Missouri has been furnishing such a large part of 
the superduty refractories requirements of the United States, these additional 
requirements may drain the already depleting supplies of flint fire clays. In 
considering Long-term demand for superduty and high-alumina refractories--for 
which products high-grade Missouri hard flints have been requisite--increasing 
the supplies of these clays or finding suitable substitutes is a crucial 
factor. 


Google 


46 


7 
ey United States (except Missouri ) 


Se 


Missouri 


9,000 


8,000 


7,000}- 


° 
° 
. 
? 


6,000 
5,000 


SONVSNOHL “SNOL LYOHS 


3,000 


2,000 


1,000 


KASAM 


0,0. @ 
oO. 0 © 
OO” 
OOOO) 
OOO) 
74% %! 
OY Ox) 


1975 


FIGURE 10. - Demand for Refractory Fire Clays Produced in Missouri and 


in the United States, 1940-75. 
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APPENDIX I 


Competence of Data in Report 


Statistical data on the quantity and value of refractories production and 
shipments have been published since 1946 by the Bureau of the Census in the 
series entitled Facts for Industry--Refractories, These data make a comprehen- 
sive breakdown of national production and shipments by type of refractory. No 
data are available on consumption or shipments of refractories to specific 
geographical areas or to types of consumers. An occasional informal estimate 
of refractories consumption by industry groups has been published. Further 
statistical data on production of refractory materials have been published by 
the Bureau of Mines. Generally, however, data on the refractories industry 
and markets are scarce, 


The main statistical contributions of this study are: 


1. Estimates of the value of refractories consumed in the States in the 
South Central United States, 


2. Estimates of consumption by industry groups. 

3. Estimates of consumption by type of refractory. 

4. Mine productivity of the refractories industry of Missouri. 

5. Destination of shipments of refractories produced in Missouri, 

6. Origin of refractories consumed in the South Central United States, 
7. Comparative freight rates, 

The main analytical contributions of the study are: 


1. An analysis of the competitive position of the Missouri refractories 
industry. 


2. An estimate of raw-material requirements for refractories. 
3. Mining and refractories production practices in Missouri. 


4. Growth of the market for refractories in the South Central United 
States, 


A major omission of the study was a detailed study of the costs of mining 
and transporting refractory raw materials. An accurate study would be useful 
in evaluating a probable cost range for beneficiation of submarginal raw 
materials, 
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APPENDIX ITI 


Glossary 


Ball clay: A highly plastic refractory bond clay of very fine grain, often 
high in carbonaceous matter, which fires to a light color, 


Basic refractories: Refractories whose major constituent is lime, magnesia, 
chromite, spinel, or forsterite, Chromite, when used alone, is a 
neutral refractory. 


Burley clay: A fire clay containing aluminous or ferruginous burls or nodules, 


Castable refractories: Mixtures of heat-resistant aggregate and heat-resistant 
hydraulic cement; for use they are mixed with water and rammed or 
poured into place, 


Dead-burned dolomite: Dolomite that has been calcined until it is volume- 
constant, compact, and hard, 


Diaspore clay: A rock consisting essentially of the highly aluminous mineral 
diaspore bonded by fire clay. 


Flint fire clay: A hard fire clay with little or no plasticity, which usually 
breaks with a conchoidal fracture, 


Grog: Burned refractory material, usually calcined clay or crushed brick, 
added to brick or mortar mix to reduce shrinkage in drying and firing, 


Novaculite: An extremely fine-grained quartzose rock of sedimentary origin. 


Periclase: A mineralogical designation for crystalline magnesium oxide ob- 
tained commercially by sintering magnesias containing a minimum of 
90 percent MgO, 


Plastic clay: A fire clay with sufficient natural plasticity to bond non- 
plastic materials. 


Pyrometric-cone equivalent (P.C.E.): The refractoriness of a material, ex- 


pressed in terms of standard pyrometric cones, 


Ramming mixes (plastic refractories): A blend of ground fire clays in plastic 


form suitable for ramming into place to form monolithic linings. 


Refractoriness: In ceramics, the property of resistance to melting, softening, 
or deformation at high temperatures, 


Silica refractories: Fired refractories consisting essentially of silica and 
usually made from quartzite bonded with 1.8 to 3.5 percent of added 
lime, 


Tabular alumina: Aluminum oxide converted to the corundum form by heating to 
temperatures slightly below the fusion point of aluminum oxide, The 
term tabular refers to flat crystal facets visible in rough broken 
particles, 
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APPENDIX III 


Production and Consumption of Refractories by the Horizontal-Retort 
Zinc Industry in Arkansas, Oklahoma, and Texas 


About $2 million worth of condensers and retorts is produced and consumed 
each year by the horizontal-retort zinc industry of Arkansas, Oklahoma, and 
Texas, In the production of these products the industry uses approximately 
30,000 tons of plastic fire clay valued at $75,000 and 10,000 tons of calcined 
flint and adobe valued at $200,000. About 160 men are employed in zinc-indus- 
try potteries in the 6 plants in Arkansas, Oklahoma, and Texas. These pot- 
teries produce retorts, condensers, and some firebrick and special shapes for 
use in the zinc plants, 


In 1954 an estimated $50,000 worth of high-heat duty and superduty brick 
was purchased by this industry from refractories companies for minor repairs 
of furnaces and kilns. In addition, far larger purchases are required from 
time to time for major furnace and kiln construction, 


The reported average life of retorts was 50 days; that of condensers, 6 
days. For each ton of sinter processed, about 0.53 retort and 4.5 condensers 
were used. 


The following is an approximate analysis of the clays used for retorts: 


Percent 
SLOD. ccc cccccccccccnccveescene 56.0 
P1909 6.5.566cecnawewesusaeessass, ~3020 
FC903. ccc cece vccccevcccvcccere 2.5 
CEO ig 676 career oWiakos 665655265 O ESS a) 
MG 6 ik 05.6 5s. So 55S ew eae ok 
Ignition loss.......cccccccces 10.0 


The reporting companies used retorts and condensers made from clays from 
Monroe and St. Louis Counties, Mo. The choice of these clays was the result 
of extensive tests by different users. For some time, a Cheltenham clay mined 
near St. Louis was used widely by the retort zinc industry, but the deposit 
was exhausted, It was reported that it was difficult to find another clay 
suitable for retorts and condensers. 


Research still is being directed toward improving retort and condenser 
life. Two companies felt that a clay having a higher alumina content would 
improve condenser life, One company is considering the blending of Kentucky, 
Tennessee, and Mississippi clays to get the right combination of alumina and 
silica, In retorts, a high silica content is important to give necessary 
structural strength at higher temperatures, Higher alumina clays have a ten- 
dency to sag in the middle of the retort at higher temperatures. 


Condensers are made of approximately 50 percent clay and 50 percent re- 
tort grog. Retorts usually are made of about 50 percent raw clay, 25 percent 
silica flour, and 25 percent calcined flint, The calcined clay was purchased 
from Arkansas and Colorado, 
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